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[57] ABSTRACT

A circuit such as a duplexer which isolates a first and
second frequency signals respectively directed to and
from an antenna terminal. A transmitter filter has an
output terminal connected to a connecting point through
a first inductor. A receiver filter has an input terminal
connected to the connecting point. The connecting point
is connected to the antenna terminal, and to ground
through a second inductor. In a modified circuit the
output terminal of the transmitter filter and the input
terminal of the receiver filter are respectively connected
to the connecting point through first and second capaci-
tors. In the preferred embodiments the transmitter filter

and the receiver filter are mounted to one side of a
dielectric plate and the inductor and/or capacitors are
formed by electrically conductive step lines and a
capacitance patterns formed on the opposite side of the

dielectric plate.

15 Claims, 12 Drawing Sheets
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DUPLEXER WITH AN ISOLATING CIRCUIT ON A
DIELECTRIC PLATE

BACKGROUND OF THE INVENTION

The invention relates to a duplexer which 15 well
adapted for a mobile telephone.

In duplex operation of a radio transmitter and a re-
ceiver connected to a common antenna, a duplexer 1s

required so as to effectively isolate the transmitter and
the receiver to permit simultaneous operation, espe-
cially, where the transmitting and receiving frequencies
are closely spaced. A conventional duplexer is de-
scribed in detail in U.S. Pat. No. 3,656,162 and Japanese
Laid-open Patent Publication Nos. 87-136104 and
87-136103.

A duplexer described in U.S. Pat. No. 3,656,162 em-
ploys two coaxial cables which are respectively con-
nected between an antenna terminal and a receiver
terminal through a filter, and between a transmitter
terminal through a filter and the antenna terminal. The
length of one of the coaxial cables connected to the
transmitter terminal, must be equal to around a quarter
wavelength of the receiver frequency in order to reject
the transmitter noise or harmonics at or near the re-
ceiver frequencies. The length of the other coaxial cable
connected to the receiver terminal similarly must be
equal to around a quarter wavelength of the transmitter
frequency in order to reject the receiver noise or her-
monics at or near the transmitter frequencies.

Another conventional duplexer, which has been pro-
posed in order to reduce the size of the duplexer, 1s
disclosed in Japanese Laid-open Patent Publication
Nos. 87-136104 and 87-136105, both of which were
issued on June 19, 1987 and assigned to the assignee of
the present invention. The duplexer employs two dis-
tributed constant lines such as a strip line, in place of the
two coaxial cables, both of which are formed on a di-
electric material plate made of alumina or glass-epoxy
resin materials by a thick-layer printing method or a
plating method. The duplexer further employs a trans-
mitter dielectric filter which is connected in series rela-
tion with one of the distributed constant lines to an
antenna terminal and a receiver dielectric filter which 1s
connected in series relation with the other distributed
constant line to the antenna terminal. The lengths of the
distributed constant line can respectively be calculated,
for example, in the following manner: :

An element S11(1) of the dispersion matrix S showing
a characteristic of the network comprised of the trans-
mitter distributed constant line and the transmitter filter
connected in series, is generally expressed by the fol-

lowing equation (1):

S11(1) = [rcosé — cosf + zsinf + Ksinf + z cosé — rsing)]/ (1)

[rcos® + cos@ — zsinf + Hsin + z cosf — rsind)]

wherein
r is the real part of the input impedance of the transmit-

ter filter when the input impedence is expressed as
r+] z; ™

z is the constant term of the imaginary part thereof:

j is the imaginary unit thereof;

A is the wavelength of the receiver frequency;

1 is the length of the transmitter distributed constant
line: 8=281; and B=27%/A.
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If the above equation (1) satisfies the following equa-
tion (2)

cos 0=z sin & (2)
an input impedance of the network can be increased at
and near the receiver frequencies so as to effectively
reject the transmitter noise and harmonics at and near
the receiver frequencies. If, in accordance with the
equation (2), z sin @ is substituted for cos 6 in the equa-

tion (1), equation (1) becomes

S11(1) = [r cos® + [sinf@ + 2 sin@ — rsinB))/ (3)

[r cos@® + fAsin® + z*sin® + rsind)).

The element S11(1) can also be expressed in terms of the
input impedance Zin of the network as in the following
equation (4) when the driving impedance of the net-
work is assumed to be 1 ohm:

S11(D) =(Zin—1)/(Zin+ 1), (4)
From the foregoing equations (3) and (4), the input
impedance (Zin) can be expressed by the following
equation (35):

Zin={(1+2%)/r]—j z (5)
According to equation (5), the real part r of the trans-
mitter filter’s input impedance can be assumed to be
much less than 1 because Zin> > 1, that 1s, the input
impedance (Zin) of the network is required to be In-
creased at and near the receiver frequencies, and the
phase angle of the network can also be assumed as zero
degree because the real part [(1+42z%)/r] of the input
impedance (Zin) is increased at and near the receiver
frequencies. Tests have been performed with transmit-
ter and receiver distributed constant lines (in the form
of strip lines) used in mobile telephones whose transmit-
ter frequency band is from 825 to 845 MHz and whose
receiver frequency band is from 870 to 890 MHz. Each
line had a width of 1.8 mm and a characteristic impe-
dance of 50 ohm, and was formed on a glass-epoxy plate
whose thickness was 1.0 mm and specific inductive
capacity (dielectric constant) was 4.8. The lines were
respectively connected to the transmitter and the re-
ceiver dielectric filters and were respectively set to
have a phase angle around zero degree. To obtain the
required large input impedance, the tests showed that
the length of the transmitter line must be 84 mm and
that of the receiver line must be 60 mm. However, the
distributed constant lines of the above mentioned du-
plexer are still subject to having lengths equal to the
corresponding quarter wavelengths of the rejected fre-
quencies (these quarter wavelengths being reduced in
the strip lines on the dielectric plate as compared to
coaxial cables) so that formulation of a duplexer in this
manner thereby presents an obstacle to further reduc-
tion of the size of the duplexer.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to reduce the size of a duplexer.

It is another object of the present invention to pro-
vide an improved circuit which can be easily designed
with freedom from the restriction that the distributed
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constant lines have lengths equal to those of the corre-

sponding quarter wavelength of the rejected frequency.

A circuit of the invention, in order to i1solate a first
frequency signal and second frequency signal, includes
an antenna terminal, a connecting point, a first filter and
a second filter. The first filter which 1s coupled to the
first frequency signal has a first input terminal and a first
output terminal, one of which in connected in series
relation with a first inductor to the connecting point.
The second filter which is coupled to the second fre-
quency signal has a second input terminal and a second
output terminal, one of which is connected to the con-
necting point. The connecting point is connected to the
antenna terminal and further connected in series rela-
tion with a second inductor to ground. The circuit may
include a third inductor which is connected in series
between the connecting point and the antenna terminal
and a capacitor which is connected in series relation
between the connecting point and one of the first input
terminal and the first output terminal. The circuit can
effectively isolate the first filter and the second filter by
appropriate selection of the values of the first inductor,
the second inductor, the third inductor and the capaci-
tor so that the return loss of the circuit is larger than 10
dB at each frequency of the first frequency signal and
the second frequency signal.

A modified circuit of the invention in order to i1solate
a first frequency signal and second frequency signal also
includes an antenna terminal, a connecting point, a first
filter and a second filter. The first filter which 1s cou-
pled to the first frequency signal has a first coupling
terminal which is connected in series relation with a
first capacitor to the connecting point. The second filter
which is coupled to the second frequency signal has a
second coupling terminal which is connected 1n series
relatton with a second capacitor to the connecting
point. The connecting point is connected to the antenna
terminal. The modified circuit can effectively isolate the
first filter and the second filter by appropriate selection
of the values of the first capacitor and the second capac-
itor so that the return loss of the circuit is larger than 10
dB at each frequency of the first frequency signal and

the second frequency signal.
In accordance with another aspect of a duplexer of
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the invention, in order to transmit a transmitter fre- 45

quency signal to, and simultaneously receive a receiver
frequency signal from a common antenna terminal
through a connecting point, also includes a transmitter
filter, a receiver filter and dielectric plate. The transmit-
ter filter which is coupled to the transmitter frequency
signal has a transmitter output terminal which is cou-
pled in series relation with a first conductive line to the
connecting point. The receiver filter which is coupled
to the receiver frequency signal has a receiver input
terminal which is coupled in series relation with a sec-
ond conductive line to the connecting point. The con-
necting point is coupled in series relation with a third
conductive line to the antenna terminal. The dielectric
plate has a specific inductive capacity and 1s covered
with a conductive layer which is to be grounded. The
dielectric plate is further covered with a fourth conduc-
tive line on the surface thereof and thereby the fourth
conductive line and the dielectric plate form a first
inductor. The first conductive line, the second conduc-
tive line and the third conductive line may be formed on
the surface of the dielectric plate and thereby these lines
with the dielectric plate form the other inductors. The
second conductive line may has a capacitance pattern
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on the dielectric plate to form a capacitor. The duplexer
can effectively isolate the transmitter filter and the re-
ceiver filter by appropriate selection of the values of the
first inductor, the other inductors and the capacitor so
that the return loss of the circuit is larger than 10 dB at
each frequency of the first frequency signal and the
second frequency signal.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the inven-
tion will be more completely understood from the fo-
lowing detailed description of the preferred embodi-
ments with reference to the accompanying drawings in
which:

FIG. 1 (a) is a top perspective view of a first embodi-
ment of a duplexer in accordance with the invention;

FIG. 1 (b) is a bottom perspective view of the du-
plexer shown in FIG. 1 (a);

FIG. 2 is a schematic diagram of the duplexer shown
in FIGS. 1 (a@) and 1 (b);

FIG. 3 is a graph illustrating the absolute values of
the input impedance of a transmitter filter employed in
the duplexer shown in FIGS. 1 (@) and 1 () in the range
from 800 MHz to 900 MHz;

FIG. 4 is a graph illustrating the phase angles of the
input impedance of a transmitter filter employed in the
duplexer shown in FIGS. 1 (g} and 1 (b) in the range
from 800 MHz to 900 MHz;

FIG. 5§ is a graph illustrating the absolute values of
the input impedance of a receiver filter employed in the
duplexer shown in FIGS. 1 (a) and 1 () 1n the range
from 800 MHz to 900 MHz;

FIG. 6 is a graph illustrating the phase angles of the
input impedance of a receiver filter employed in the
duplexer shown in FIGS. 1 (@) and 1 (/) 1n the range
from 800 MHz to 900 MHz;

FIG. 7 is a bottom perspective view of a second em-
bodiment of a duplexer in accordance with the inven-
tion;

FIG. 8 1s a schematic diagram of the duplexer shown
in FIG. 7;

FIG. 9 (@) is a top perspective view of a third embodi-
ment of a duplexer in accordance with the invention;

FIG. 9 (b) is a bottom perspective view of the du-

plexer shown in FIG. 9 (a);

FIG. 10 is a perspective view of a coupling terminal
employed in the duplexer shown in FIG. 9 (a);

FIG. 11 1s a schematic diagram of the duplexer shown
in FIGS. 9 (@) and 9 (b);

FIG. 12 (@) is an equivalent circuit of a transmitter
filter employed in the duplexer shown in FIGS. 9 (a)
and 9 (b); ‘

FIG. 12 (b) 1s an equivalent circuit of a receiver filter
employed in the duplexer shown in FIGS. 9 (@) and 9
();

FIG. 13 is a graph illustrating the absolute values and
the phase angles of the input impedance of a transmitter
filter employed in the duplexer shown 1in FIGS. 9 (@)
and 9 (b) in the range from 800 MHz to 910 MHz;

FI1G. 14 1s a graph illustrating the absolute values and
the phase angles of the input impedance of a receiver
filter employed in the duplexer shown in FIGS. 9 (a)
and 9 (b) 1n the range from 800 MHz to 910 MHz;

FIG. 15 1s a graph illustrating the return loss of the
duplexer shown in FIGS. 9 (a) and 9 (b).
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

~ Referring to FIGS. 1 (a) and 1 (), there is illustrated
a duplexer 100 embodying the present invention, FIG. 1
(a) shows the duplexer elements mounted on one sur-
face 102 of a dielectric material plate 110 and FIG. 1 (b)
shows the duplexer elements formed on the other sur-
face 104 of the dielectric material plate 110.

The dielectric plate 110 is formed of alumina or glass-
epoxy resin material and mounts a transmitter dielectric
filter 120 and a receiver dielectric filter 140 on the sur-
face 102. The transmitter filter 120 and the receiver
filter 140 respectively include a substantially rectangu-
larly shaped block of ceramic material, primarily BaO
and TiO, having throughholes 126 and 146, whose outer
surface is covered with a layer of a conductive material
such as a silver or copper, except for the front side outer
surfaces 121 and 141, so as to form outer conductive

10

15

layers 123 and 143. The cylindrical interior surfaces of 20

the throughholes 126 and 146 are respectively entirely
covered with a layer of the conductive material so as to
form inner conductive layers 125 and 143.

The transmitter filter 120 as shown in FIG. 1 (a), has
four such inner conductive layers 125 which are respec-
tively connected to the outer conductive layer 123 at
the rear side outer surface of the filter 120 (not shown),
opposite to the front side outer surface 121, and are
respectively connected to conductive layers 127 at least
partially surrounding the openings of the throughholes
126 at the front side outer surface 121, whereby each of
the inner conductive layers 125, surrounded by the
dielectric material enclosed in the outer conductive
layers 123, acts as a dielectric resonator. The conduc-
tive layers 127 are used for adjusting the resonant fre-
quency of the resonators after initial construction, by
removing an appropriate amount of conductive material
therefrom. The magnitude of the coupling between
adjacent resonators is adjusted by removing an appro-
priate portion of conductive layers 129 on the front side
outer surface 121 provided between the frequency ad-
justing layers 127. The transmitter filter 120 further has
an input electrode 131 and an output electrode 133
respectively provided adjacent to the side edges of the
front side outer surface 121.

The receiver filter 140 has six throughholes 146 cov-

ered with inner conductive layers 145 which are con-
nected to the outer conductive layer 143 at the rear side
outer surface of the filter 140 (not shown), opposite to
the front side outer surface 141, and are respectively
connected to conductive layers 147 at the front side
surface 141, whereby each of the inner conductive lay-
ers 145, surrounded by the dielectric material enclosed
in the outer conductive layers 143, acts as a dielectric
resonator. The magnitude of the coupling between adja-
cent resonators is adjusted by removing an appropriate
portion of conductive layers 149 provided on the one
side outer surface 141 between the frequency adjusting
layers 147. The receiver filter 140 further has an input

electrode 151 and an output electrode 133 respectively 60

provided adjacent the side edges of the front side outer
surface 141.

The above mentioned filter structure will be more
clearly understood from the co-pending U.S. patent
application Ser. No. 074,640 filed on July 17, 1987 now
U.S. Pat. No. 4,768,003 issued Aug. 30th, 1988 and Ser.
No. 169,290 filed on Mar. 17, 1988 now abandoned,
both of which are continuation in part application of
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6

patent application Ser. No. 780,649 now abandoned,
co-pending U.S. patent application Ser. No. 048,633
filed on Apr. 23, 1987 now U.S. Pat. No. 4,508,951
issued Feb. 28th, 1989 and the application of Matsukura
et al. filed on Aug. 3, 1988 now U.S. Pat. No. 4,855,693
issued Aug. 8th, 1989, all of which are assigned to the
assignee of the present application.

The surface 102 of the dielectric plate 110 is entirely
covered with a layer 111 of the conductive material
except for portions surrounding throughholes which
are adapted to receive a transmitter input terminal 135
connected to the input electrode 131, a transmitter out-
put terminal 137 connected to the output electrode 133,
a receiver input terminal 155 connected to the electrode
151, a receiver output terminal 157 connected to the
output electrode 153 and an antenna terminal 161. The
conductive layer 111 covering the dielectric plate 110 1s
to be grounded and is connected to each of the outer
conductive layers 123 and 143 by means of a conductive
adhesives or solder along bottom surfaces of the fiiter
120 and 140 so as to also ground the outer conductive
layers 123 and 143.

Referring to FIG. 1 (b) which shows the bottom
surface 104 of the dielectric plate 110 shown in FIG. 1
(@), the bottom surface of the dielectric plate 110 1s also
covered with a layer 113 of the conductive maternal
except for portions surrounding a duplex circuit 170 and
throughholes which are adapted to receive a transmitter
input terminal 135 connected to the input electrode 131,
a transmitter output terminal 137 connected to the out-
put electrode 133, a receiver input terminal 158 con-
nected to the electrode 151, a receiver output terminal
157 connected to the output electrode 153 and the an-
tenna terminal 161, the terminals being insulated from
the conductive layers 111 and 113. The conductive
layer 113 covering the other surface of the dielectric
plate 110 is also grounded.

The duplexer circuit 170 formed on the dielectric
plate includes a first conductive strip line 171 extending
from the transmitter output terminal 137 to a conneéct-
ing point 173, a second conductive strip line 175 extend-
ing from the receiver input terminal 155 to the connect-
ing point 173, a third conductive strip line 177 extending
from the connecting point 173 to the antenna terminal
161 and a fourth conductive strip line 179 extending
from the connecting point 173 to the conductive layer
113. As the dielectric material plate 110 on which the
thin conductive strip lines 171, 175, 177 and 179 are
formed have a predetermined specific inductive capac-
ity and the fourth conductive strip line 1s grounded,
while a frequency signal is being applied to the duplex
circuit 170, the conductive strip line 171, 175, 177 and
179 act as respective inductors whose respective magni-
tudes are dependent on their lengths.

Referring to FIG. 2, there is shown a schematic dia-
gram of the duplexer 100. The terminal wires of the
input terminal 135 of the transmitter filter 120 and the
output terminal 157 of the receiver filter 140 connected
to ground have terminal resistance (R0= 50 ohm) repre-
sented in FIG. 2 as terminal resistors 201 and 203. The
output terminal 137 of the transmitter filter 120 1s con-
nected to the connecting point 173 through a first in-
ductor (Lg7) 271 which 1s created by the first conduc-
tive strip line 171 (see FIG. 1 (a)). The connecting point
173 is also connected to the input terminal 135, but no
inductor is shown because the length therebetween of
the second conductive strip line 175 in this embodiment
is selected so that the inductance between the input
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terminal 155 and the connecting point 173 is small
enough to be ignored. The connecting point 173 1s con-
nected to the antenna terminal 161 through a second
inductor (L 45) 277 which is formed by the third con-
ductive strip line 177 and is further grounded througha 3
third inductor (Lgg) 279 which is formed by the fourth
conductive strip line 179.

The transmitter filter 120 in this embodiment couples
to the RF signals which have a frequency range from
825 MHz to 845 MHz and a central frequency (fo) of 835 10
MHz and the absolute value (| Zin|) and the phase angle
(6 (w)) of the input impedance of such filters are shown
by FIG. 3 and FIG. 4.

FIG. 3 shows absolute value (|Zin|) measurements
of transmitter filter input impedance in the frequency 15
range from 800 MHz to 900 MHz. As shown in FIG. 3,
the absolute values of two transmitter filters, one of
whose terminal capacity, set up between the input elec-
trode 131 and the frequency adjusting layers 127 and
between the output electrode 133 and the frequency 20
adjusting layers 127, is 2.3 picofarad and the other 1s 2.5
picofarad, were found from test results to be respec-
tively approximately 50 ohm within the coupled fre-
quency range from 825 MHz to 845 MHz and to sharply
increase above, and sharply decrease below the coupled 2°
frequency range.

FIG. 4 shows the phase angle (8 (®)) of the transmit-
ter filter input impedance characteristic in the same
frequency range as in FIG. 3. As shown in FIG. 4, the
phase angle of the two transmitter filters were both 30
approximately zero degree within the coupled fre-
quency range from 825 MHz to 845 MHz.

The receiver filter 140 in this embodiment couples to
the RF signals which have a frequency range from 870
MHz to 890 MHz and a central frequency (fo) of 880 33
MHz and the absolute value (| Zin|) and the phase angle
(6 (w)) of its input impedance are shown by FIG. 3 and
FIG. 6. FIG. 5 shows the absolute value (| Zin|) of the
receiver filter input impedance in the frequency range
from 800 MHz to 900 MHz. As shown in FIG. 5, the 40
absolute values of the input impedance of three trans-
mitter filters, one of whose terminal capacity, set up
between the input electrode 151 and the frequency
adjusting layers 147 and between the output electrode
153 and the frequency adjusting layers 147, is 1.8 pico- 4°
farad, another is 2.0 picofarad and the third is 2.2 pico-
farad, were sach shown by tests to be approximately 50
ohms within the coupled frequency range from 870

MHz to 890 Mhz.
FIG. 6 shows the phase angle (8 (w)) of the receiver -0

filter input impedance in the same frequency range as in
FIG. 5 for the above filters. As shown in FIG. 6, the
phase angles of the three receiver filters are all approxi-
mately zero degree within the coupled frequency range
from 870 MHz to 890 MHz. >3
It will be understood frim the following explanation
that the duplexer 100 according to the invention can
effectively isolate from each other the transmitter filter
120 and the receiver filter 140 having the foregoing
input impedance characteristics. 60
Firstly, assuming that there 1s no inductor set up by
the conductive strip lines, according to the FIGS. 3-6,
the transmitter filter’s input impedance (Zin7y) and the
receiver filter’s input impedance (Zingy) can respec-
tively be expressed by the following: 63
at the transmitter central frequency (fop=2835 MHz)

ZinTy=50.0+,%0, - (6)

Zingy=0-*30,

at the receiver central frequency (fo=880 MHz)
ZinTy=0-—,*186.0 and (7)

~ Zin 7y = 50.0+,;*0.

The input impedance (Zingnr) of the parallel net-
work comprised of the transmitter filter 120 and the
receiver filter 140 and a return loss (RL) of the parallel
network can be calculated in accordance with the fol-

lowing equations:

ZingnT=1/{(1/ZinT)) (1/Zingy)]; and (8)

RL=20 log [(50+ZingNT)/(50—ZingNT)]

Substituting the values of Zin7y and Zingy indicated
in the equations (6) and (7) into equation (8) give:
at the transmitter central frequency (fp=2835 MHz)

Zin ¢ nyT=13.235—*22.058,

RL=3.88 (dB),

at the receiver central frequency (fo=2880 MHz)
ZingNn7=46.630—,%12.541 and

RL=17.5 (dB).

From the foregoing it is apparent that an unsatisfac-
tory input impedance (Zingn7) and return loss (RL) are
obtained when inductive elements are not used in the
parallel network the transmitter filter 120 and the re-
ceiver filter 140 and, especially, the return loss (RL) of
the parallel network at the transmitter central fre-
quency is low since the imaginary part of the receiver
filter’s input impedance (Zingy) is small.

Secondly, if the value (Lgr7) of the first inductor 271
is assumed to by 5 (nH), then the input impedance (Zi-
n4sn7) and the return loss (RL) of the parallel network
are calculated to have the following values:

at the transmitter central frequency

Zin 4n7=17.899—*28.651,

RL=4.67 (dB),

at the receiver central fraquency
ZingnT=45.4545—*14.341,

RL=16.15 (dB).

Thirdly, if the value (L gEg) of the third inductor 279 1s
assumed to be 20 (nH), then the input impedance (Zi-
n4nT) and the mismatching attenuation volume (RL) of
the parallel network are calculated to have the follow-
ing values:

at the transmitter central frequency

Zingn7=32.2633—;%31.874,

RL=17.67 (dB),

at the receiver central frequency

Zingn7=49.144%6.7125 and
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RI =23.34 (dB).

From foregoing, it is apparent that the real part of the
parallel network’s input impedance (ZingnT) 1S en-
larged at the transmitter central frequency and the
imaginary part of the parallel network’s input impe-
dance (Zingn7) is reduced at the receiver central fre-
quency by the presence of the third inductor.

Finally if the value (L 4r) of the second inductor 277

is assumed to be 4 (nH), then the input impedance (Z1-

n4n7) and the return loss (RL) of the parallel network
is calculated to have the following values:
at the transmitter central frequency

ZingN7=32.2633~*10.888 and

RL=12.01 (dB),

at the receiver central frequency
Zin 4 n7=49.144%28.334 and

RL=11.08 (dB).

From foregoing, it is apparent that the imaginary part
of the parallel network’s input impedance (Zingn7) 1S
reduced at the transmitter central frequency by the
presence of the second mductor.

Therefore, from the above impedance and return loss
values, the duplexer 100 is shown to effectively isolate
the transmitter filter 120 znd the receiver filter 140
because the return loss (RL) is sufficiently larger than
10 (dB), which is the minimum acceptable volume for
use in a mobile telephone. The foregoing values of the
inductors 271, 277 and 279 can be changed provided
that the return loss is larger than the minimum accept-
able volume.

When a duplexer circuit 170 whose coupled central
frequency was 850 MHz, was formed on a glass-epoxy
plate 110 whose thickness was 1.6 mm and specific
inductive capacity (dielectric constant) was 4.8, with
strip lines 171, 177 and 179 0.3 mm in width, then induc-

tances of these strip lines Lrr=5 nH, L4g=4 nH and -

Lre=20 nH were obtained by providing that the
length of the first strip line 171 is 7.45 mm long, the
length of the second strip line 177 is 6.73 mm long and
the length of the third strip line 179 is 18.25 mm long.

The foregoing relation among the length (1) and the
width (W) of the strip lines when measured in mm, and
the inductance value (L) of the inductors when mea-
sured in nH can be expressed by the following equa-

t10ns;

let W=0.3, then L=1.389 1--5.3443,
let W=0.5, then L=1.092 1-2.4726 and

let W=0.7, then L=1.01351-2.1753.

If the duplexer circuit 170 is formed on the alumina

plate, whose specific inductive capacity is 9.3, the

length of the strip lins 171, 177 and 179 may further be
shortened.

Referring to FIG. 7, there 1s illustrated another exam-
ple of a duplexer according to the invention. A duplexer
700 includes aplote 710 forming a dielectric matenal
and having a predetermined specific inductive capacity.
On one side of the dielectric material plate 710 (not
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shown in figure) are formed duplexer elements which
are substantially the same as shown in FI1G. 1(a).

On the side shown in FIG. 7, the surface 715 of the
dielectric plate 710 is covered with a layer 713 of con-
ductive material except for portions surrounding a du-
plex circuit 770 and areas surrounding respective
throughholes which are adapted to receive a transmitter
input terminal 735, a transmitter output terminal 737, a
receiver input terminal 755, a receiver output terminal
757 and an antenna terminal 761. The conductive layer
713 covering the surface 715 of the dielectric plate 710
is to be grounded. |

The duplexer circuit 770 formed on the dielectric
plate includes a first thin conductive strip line 771 ex-
tending from the transmitter output terminal 737 to a
connecting point 773, a one side of a second thin con-
ductive strip line 775 extending from the receiver input
terminal 755 to one side of a capacitance pattern 781,
the other side of the capacitance pattern 781 being con-
nected to the connecting point 773, a third thin conduc-
tive strip line 777 extending from the connecting line
773 to the antenna terminal 761, and a fourth conduc-
tive strip line 779 extending from the transmitter output
terminal 737 to the conductive layer 713 of the dielec-
tric material plate 710. Since the dielectric material
plate on which the thin conductive strip lines 771, 775,
777 and 779 are formed has a predetermined specific
inductive capacity and the fourth conductive strip line
779 is grounded, the conductive strip lines 771, 775 and
779 act as inductors whose respective magnitudes are
dependent on their lengths, and the third conductive
line 777 acts as a distributed constant line having a pre-
determined impedance, for example, 50 ohms.

Referring to FIG. 8, there is shown a schematic dia-
gram of the duplexer 700. The input terminal 735 of a
transmitter filter 720 and the output terminal 757 of a
receiver filter 740 have terminal resistances (Ro=>50
ohms) respectively represented in FIG. 8 as terminal
resistors 801 and 803. Comparing FIGS. 7 and 8, output
terminal 737 of the transmitter filter 720 1s connected to
the connecting point 773 through the first conductive
strip line 771 whose length in this embodiment 1s se-
lected so that the inductance created thereby between
the output terminal 737 and the connecting point 773 1s
small enough to be ignored. The connecting point 773 1s.
also connected to the input terminal 755 of the receiver
filter 740 through the second conductive strip line 773
whose inductance Lg7is represented by a first inductor
875, and the capacitance pattern 781 represented by a
capacitor 881. The connecting point 773 is connected to
the antenna terminal 761 through the distributed con-
stant line 877 formed by the third conductive strip line
777 and is further grounded through the fourth conduc-
tive strip line 779 whose inductance L7 is represented
by a second inductor 879.

The transmitter filter 720 in this embodiment couples
to the RF signals which have a frequency range from
825 MHz to 845 MHz and a central frequency (fop) of 8335
MHz and the absolute value (| Zin|) and the phase angle
(8 (w)) of its input impedance are the same as in the first
embodiment and are shown by FIG. 3 and FIG. 4.

The receiver filter 740 in this embodiment couples to
the RF signals which have a frequency range from 870
MHz to 890 MHz and a central frequency (fo) of 880
MHz and the absolute value (} Zin|) and the phase angle
(0 (w)) of its input impedance are the same as in the first
embodiment and are shown by FIG. § and FIG. 6.
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It will be understood from the following explanation
that the duplexer 700 according to the present mnvention
can effectively isolate from each other the transmitter
filter 720 and the receiver filter 740 having the forego-
ing input impedance characteristic thereof.

Assuming that there is no inductor set up by the
conductive strip lines 775 and 779 and also no capacitor
set up by the capacitance pattern 781, according to the
FIGS. 3-6 the transmitter filter’s input impedance
(Zinzy) and the receiver filter’s input impedance
(Zingy) can respectively be expressed as follows:

at the transmitter central frequency (fop=2835 MHz)

ZinTy==50.0+*0, (9)

Zingy=0—,*30,

at the receiver central frequency (fo=2880 MHz)

Zinty=0-;*186.0 and (10)

Zingxy=>50.04-7*0,

An input impedance (Zin4n7) of the parallel network
comprised of the transmitter filter 720 and the receiver
filter 740 and a mismatching attenuation volume (RL)
can be calculated in accordance with the same equa-
tions (8) given above, that is:

Zingnt=1/{(1/Zinry)+(1/Zingy)]; and (8)

RL=20 log [(50+ Zingn)/(50—ZingNT)].

Substituting the above impedance values (9) and (10)
mto equation (8), give:
at the transmitter central frequency (fo=2835 MHz)

Zingn7T=13.235—,*%22.038,

RL=3.88 (dB),

at the receiver central frequency (fo=3880 MHz)
Zin 4nT=46.630—,*12.541 and

RL=17.5 (dB),

From the foregoing it is apparent that the inferior
input impedance (Zingn7) loss return loss (RL) are
obtained when inductive and capacitive elements are
not used in the parallel network of the transmitter filter
720 and the receiver filter 740 and, especially, the return
loss (RL) of the parallel network at the transmitter
central frequency is decreased owing to the fact that the
imaginary part of the recetver filter’s input impedance
(Zingy) is small.

Now, if the first inductor 875 and the capacitor 881
are present, the second inductor 879 is absent, the value
(Lr7) of the first inductor 875 is 4.5 (nH) and the value
(Crp of the capacitor 881 is 7.2 (PF) in order to enlarge
the imaginary part of the receiver filter’s input impe-
dance (Zingy) at the transmitter central frequency, then
the input impedance (Zin4n7) and the return loss (RL)
of the parallel network are calculated to have the {ol-
lowing values:

at the transmitter central frequency

Zin gnT=27.434 — *24.833,

RL=17.68 (dB),
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at the receiver central freugency
2N n7T=46.62—%12.53,

RL=17.51 (dB).

If in addition the second inductor 879 is present and
the value (L 7g) of the second inductor 879 1s 16.18 (nH)
in order to reduce the imaginary part of the parallel
network’s input impedance (Zingn7) at the transmitter
central frequency, then the mput impedance (ZingnT)
and the return loss (RL) of the parallel network are
calculated to have the following values:

at the transmitter central frequency

Zin g n7=45.455—*14.45,

RL=16.08 (dB),

at the receiver central frequency
Zingn7=46.083+4-7*13.37 and

RL=16.86 (dB),

From the foregoing, it is apparent that the duplexer
700 effectively isolates the transmitter filter 720 and the
receiver filter 740 from each other because the return
loss (RL) is sufficiently larger than 10 (dB) (the mini-
mum acceptable volume for a mobile telephone). The
foregoing values of the inductors 875 and 879 and the
capacitor 881 can be changed provided that the return
loss is larger than the minimum acceptable volume (10
dB). The physical dimensions of duplex circuit 770
according to the present invention are suitably substan-
tially the same as those of the duplex circuit 170 de-
scribed above.

FIGS. 9(a) and 9(b) illustrate opposite sides of a du-
plexer 900 whose elements in accordance with a third
embodiment of the invention are formed on opposite
sides 915 and 917 of a dielectric material plate 910.

Referring to the FIG. 9(a), the dielectric plate 910 is
formed of alumina or glass-epoxy resin material and
mounts a transmitter dielectric filter 920 and a receiver
dielectric filter 940 on the surface 915 thereof. The
transmitter filter 920 and the receiver filter 940 respec-
tively include a substantially rectangularly shaped
block of ceramic material, primarily BaO and TiO,
whose outer surface 1s covered with a layer of a con-
ductive material such as a silver or copper, except for
the respective front surfaces 921 and 941, so as to form
outer conductive layers 923 and 943. The filters 920 and
940 also have respective f{ront-to-rear extending
throughholes 924 and 944 whose cylindrical interior
surfaces are respectively entirely covered with conduc-
tive material so as to form inner conductive layers 925
and 945 which are electrically connected to the respec-
tive outer layers 923 and 943 on the rear surface of
filters 920 and 940 respectively opposite front surfaces
921 and 941. The transmitter filter 920, as shown in
FIG. 9(a), has four such inner conductive layers 928.
The transmitter filter 920 further has four coupling
terminals 922 which are respectively inserted into the
corresponding cylindrical throughholes 924 in contact
with the inner conductive layers 925. As shown 1n FIG.
10, each of the coupling terminals 922 includes a cylin-
drically shaped bushing 1010, made of dielectric mate-
rial such as polypropylene, polycarbonate, epoxy resin,



13

ABC’ resin, etc., and having a thin round recess 1011,
and a T-shaped conductive part 1020 whose first edge
portion such as a leg 1021 is inserted into the recess 1011
of the bushing 1010. Each of the coupling terminals 922
is capacitively coupled to the adjacent coupling termi-
nals 922 through a cylindrical solid insulator 1030 made
of ceramic materials. The solid insulator 1030 has thin
round recesses 1031 and 1033 at its respective ends
which are partitioned by a partition portion 1035. The
solid insulator 1030 acts as a capacitor while a second
edge portion such as an arm 1023 of the conductive part
1620 and an arm of the adjacent conductive part (not
shown) are respectively inserted into each of the reces-
ses 1031 and 1033 and these conductive parts 1020 are
coupled to RF signals.

Each of the inner conductive layers 925 and the re-
spective coupling terminal 922 mounted therein, sur-
rounded by the dielectric material enclosed in the outer
conductive layers 923, acts as a dielectric resonator. By
appropriate selection or modification of the solid insula-
tor 1030, the capacitance and therefore the magnitude
of coupling between adjacent resonators may by ad-
justed. The transmitter filter 920 further has an mnput
terminal 935 and an output terminal 937 which are re-
spectively coupled to the coupling terminal 922
mounted adjacent the side edges of the front surface 921
through the solid insulator 1030.

The receiver filter 940 has six inner conductive layers
945 connected to the outer conductive layer 943 at the
rear surface. The receiver filter 940 further has six cou-
pling terminals 942 which are identical to the coupling
terminal 922 in transmitter filter 920 and which are
respectively inserted into six corresponding through-
holes 944 having their cylindrical interior surfaces cov-
ered with the inner conductive layers 945. Each of the
inner conductive layers 945 and the coupling terminals
942 therein, surrounded by the dielectric material en-
closed in the outer conductive layers 943, acts as a
dielectric resonator. The coupling magnitude between
adjacent resonators in the receiver filter 940 are ad-
justed in the same manner as in the transmitter filter 920
with the use of the solid insulators 1030. The receiver
filter 940 further has an input terminal 955 and an output
terminal 957 which are respectively coupied to the
coupling terminal 942 mounted adjacent to the side
edges of the front surface 941, through the solid insula-

tor 1030.
The upper surface 915 shown in FIG. 92 of the di-
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electric plate 910 is entirely covered with a layer 911 of 5g

conductive material except for portions surrounding
throughholes which are adapted to receive the transmit-
ter input terminal 935, the transmitter output terminal
937, the receiver input terminal 955, the receiver output
terminal 957 and an antenna terminal 961. The conduc-
tive layer 911 covering the dielectric plate 910 is to be
grounded and is connected to each of the outer conduc-
tive layers 923 and 943 by means of a conductive adhe-
sive or solder along bottom surfaces of the filters 920
and 940 so as to also ground the outer conductive layers
923 and 943.

The other surface 917 of the dielectric plate 910 1s
also covered with a layer 913 of the conductive material

except for portions respectively surrounding a duplex
circuit 970 and throughholes which are adapted to re-
ceived the transmitter input terminal 935, the transmit-
ter output terminal 937, the receiver input terminal 935,
the receiver output terminal 957 and the antenna termi-
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nal 961. The conductive layer 913, like layer 911, 1s to
be grounded.

A duplexer circuit 970 is formed on the surface of the
dielectric plate 910 and includes a first conductive strip
line 971 extending from the transmitter output terminal
937 to the antenna terminal 961 and a second conduc-
tive strip line 975 extending from the receiver input
terminal 955 to the transmitter terminal 955. The con-
ductive strip lines 971 and 975 act as distributed con-
stant lines (typically 50 ohm lines) whose lengths are
selected to be sufficiently short so as to allow to pass RF
signals whose frequencies belong to either the transmit-
ter frequency band or the receiver frequency band.

Referring to FIG. 11, there is shown a schematic
diagram of the duplexer 900. The input terminal 935 of
the transmitter filter 920 and the output terminal 957 of
the receiver filter 940 have respective terminal resis-
tances represented by resistors 1101 and 1103 (Ro=150
ohm). The output terminal 937 of the transmitter filter
920 is connected to a connecting point 1173 and con-
nected to the coupling terminal 922 through a first ca-
pacitance (C;) 1171 set up by the solid insulator 1030,
provided between the transmitter output terminal 937
and the conductive part 1020 of the coupling terminal
922. The connecting point 1173 is also connected to the
receiver input terminal 955 which is connected to the
coupling terminal 942 through a second capacitance
(C3) 1175 set up by the solid insulator 1030, provided
between the receiver input terminal 955 and the con-
ductive part 1020 of the coupling terminal 942. The
connecting point 1173 is further connected to the an-
tenna terminal 961 through a terminal resistance repre-
sented by a resistor 1185 (Ro=50 ohms).

The transmitter filter 920 can be shown by a lumped
constant equivalent circuit 1220 in FIG. 12(a). The
equivalent circuit 1220 has four resonator circuits 1221,
1223, 1225 and 1227. Each of the resonator circuits,
including a capacitance and an inductance, is coupled to
adjacent resonators by means of capacitances Caz, C23,
Ca4 set up by the solid insulator 1030 and the bushing
1010. The resonator circuit 1221 is coupled to the cou-
pling terminal 922 through a capacitacne Cj1 (0.708 pF
in the exemplary embodiment discussed below) set up
by the bushing 1010, and the resonator 1227 is also
coupled to the input terminal 935 through a capacitance
Css.

The receiver filter 940 can also be shown by a lumped
constant equivalent circuit 1240 in FIG. 12(6). The
equivalent circuit 1240 has six resonator circuits 1241,
1242, 1243, 1244, 1245 and 1246. Each of the resonator
circuits, including a capacitance and an inductance, 1s
coupled to adjacent resonators by means of capacitance
Ca42, Ca3, Caa, Cas, Cas, set up by the solid insulator 1030
and the bushing 1010. The resonator circuit 1241 1s
coupled to the coupling terminal 922 through a capaci-
tance Cs (0.662 pF in the exemplary embodiment) set
up by the bushing 1010, and the resonator 1247 1s also
coupled to the input terminal 957 through a capacitance
Csr.

The transmitter filter 920 in this embodiment couples
to the RF signals which have the frequency range from
825 MHz to 845 MHz and the central frequency (fo) 835
MHz and the absolute value (| Zin|) and the phase angle
(0 (w)) of its input impedance characteristic for the
exemplary embodiment is shown by FIG. 13. FIG. 13
shows the absolute value (| Zin|) and the phase angle (6
(w)) of the transmitter filter input impedance in the
frequency range from 800 MHz to 910 MHz. As shown
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in FIG. 13, the absolute value of the impedance of the
transmitter filter 920 is approximately 50 ohms within
the coupled frequency range from 825 MHz to 845
MHz and increases sharply outside of the coupled fre-
quency range. The phase angles of the transmitter filter
are approximately zero degree within the coupled fre-
quency range from 825 MHz to 845 MHz and take on
sharply higher and lower values above and below this
range.

The receiver filter 940 in this exemplory embodiment
couples to the RF signals which have the frequency
range from 870 HMz to 890 MHz and the central fre-
quency (fo) 880 Mhz and the absolute value (| Zin|) and
the phase angle (8 (w)) of its input impedance character-
istic 1s shown by FIG. 14. FIG. 14 shows the absolute
value (| Zin|) and the phase angle (6 (»)) of the receiver
filter input impedance in the frequency range from 800
MHz to 910 MHz. As shown in FIG. 14, the absolute
value of the impedance of the receiver filter 940 1s ap-
proximately 50 ohms and the phase angle is approxi-
mately zero within the coupled freqnecy range from
870 Mhz to 890 MHz.

It can be seen from the following explanation that the
duplexer 900 according to the present invention can
effectively 1solate the transmitter filter 920 and the re-
ceiver filter 940 having the foregoing input impedance.

Firstly, assuming that the capacitance values C; and

C; are zero and the characteristic impedance of each of

the transmitter filter and receiver filter is one ohm for
purposes of simplification, according to the FIGS. 13
and 14, the transmitter filter’s input impedance (Zinry)
and the receiver filter’s input impedance (Zingy) can
respectively be expressed by the following equations:
at the transmitter central frequency (fp=2835 MHz)

Zinry=1.04;%0,
Zingx=0.—j*X3,

at the receiver central frequency (fp=880 MHz)
Zinry=0+j*Xy and

Zingy=1.0+4,;%0,

wherein

X1 is the reactance value of the receiver filter,

and X» 1s the reactance value of the transmitter filter.
An input admittance (Yin4n7) of the network com-

prised of the transmitter filter 920, the receiver filter 940

and the duplex circuit 970 including the first capaci-
tance (C;) and the second capacitance (C3) can be ex-
pressed by the following equations 1n accordance with

the foregoing equations:
at the transmitter central frequency (fo=2835 MHz)

1/[(1/jwCy) + Zinty] +
1/[(1/jwC3) + Zingy]

(@2C1H/[1 + (02C19)] +

HoCl/[l + (2C1)] +
wCy/[1 + (wCoX1},

YingnNT

and if o Cy Xo2> > 1, then

Yingnt = (@?C3)/[1 + (@3] + (11)

S

10

I3

20

23

30

35

45

50

33

65

16

-continued
HaCi/[1 + (0*C1A)] + 1/X3}),

and the receiver central frequency (fo= 880 MHz),

1/{(1/jwC1) + ZinTy]
1/[(1/jwC3) + Zingxy

—
W

YingnNT

(02 C2/[1 + (0?4 +

HoC/ll + (02C3)] +
wCy/[1 — (wC1 X))}

and if o C; Xy,>>1 then

(12)

Hol/[l + (0*C®)] — 1/X4},

YingnT = (02C)/[1 + (02C2?)] +

wherein w is 27 /0.

In order to improve the input impedance of the net-
work without a change of the input impedance of each
of the transmutter filter 920 and the recetver filter 940,
the value (C)) of the first capacitance and the value (C>)
the second capacitance should be determined so as to let
of the imaginary components of both equations (11) and
(12)=0 and can be calculated by the following equa-
tions:

The imaginary components of equation (11)

=w C1/[1 +(0?C1d)]+1/X;=0
assume o 2C14< < 1: and then

C1=—1/{w X2) (13)
The constant term of the imaginary components of

equation (12) -
=w Cy/[1 +(0?C33)]—-1/X1=0

assume o 2C2%< < 1: and then

Cy=1/(w Xy). (14)

From the foregoing equations (13) and (14), Cy=—35
(pF) and Cy=35 (pF).

The return loss (RL) of the network is shown in FIG.
15. FIG. 15 shows the return loss (RL) of the network
in case of either C;=Cy=0 (pF) or C;=—3 (pF) and
C,=35 (pF) in the frequency range from 800 MHz to 900
MHz. As shown in FIG. 15, the return loss (RL) of the
network in the case of Ci=—5 (pF) and C,=35 (pF) are
greatly superior to that of the network in the case of
C1=Cy=0 (pF).

The first capacitance C; and the second capacitance
C; set up by the solid insulator 1030, are respectively
combined with the capacitances Cz; (0.708 pF in the
exemplary embodiment) and C41 (0.662 pF in the exem-
plary embodiment) set up by the bushing 1010 and the
combined capacitances are respectively 0.825 (pF) and
0.585 (pF).

Theretfore, the duplexer 900 is shown to effectively
isolate the transmitter filter 920 and the receiver filter
940 because the return loss (RL) in the coupled ranges
from 825 MHz to 845 MHz and from 870 MHz to 890
MHz 1s sufficiently larger than the minimum acceptable
volume for a mobile telephone of 10 (dB). The forego-
Ing values of the capacitances C; Cy, Czjand Cy4jcan be



5,015,973

17
changed provided that the return loss is larger than the
minimum acceptable volume.

The present disclosure relates to the subject matter
disclosed in Japanese Patent Application Nos.
62-215047, 62-215048 and 62-215049 of Aug. 31st, 1987
the entire disclosure of which is incorporated herein by
reference.

It will be understood that the above descrlptlon of the
present invention is susceptible to various modification,
changes and adaptations, and the same are intended to
be comprehended within the meaning and range of
equivalents of the appended claims.

For example, the invention can also be adapted to a
diplexer which isolates a first frequency signal in a first
frequency range, and a second frequency signal in a
second frequency range which is non-overlapping with
the first frequency range. In a diplexer, as is known, the
first frequency signal and second frequency signal, re-
spectively received by a first filter and a second filter,
are both transmitted by or received from a common
antenna terminal. Therefore, in one application of the
invention in the case of transmitting the signals via the
antenna, the output terminal of the first filter s con-
nected to the antenna terminal through an inductor, or
an inductor and capacitor, and the output terminal of
the second filter is also electrically connected to the
antenna terminal. Alternatively, both output terminals
may be connected to be antenna terminal through
capactors. On the other hand, in another application of
invention in the case of receiving the first and second
frequency signals from the antenna, the input terminal
of the first filter is connected to the antenna terminal
through an inductor, or an inductor and capacitor, and
the input terminal of the second filter is also electrically
connected to the antenna terminal, and alternatively,
both input terminals may be connected to the antenna
terminal through capacitors. In each of the cases, the
use of inductors and/or capacitors, permits a reduction
in the size of a diplexer, similarly to the result of their
use in duplexers as described above.

What is claimed is:

1. An isolating circuit for isolating a first frequency
signal in a first frequency range and a second frequency
signal in a second frequency range which is non-over-
lapping with the first frequency range, the isolating
circuit comprising:

an antenna terminal;

a first filter having a first input terminal for coupling
the first frequency signal thereto, and a first output
terminal;

a second filter having a second input terminal for
coupling the second frequency signal thereto, and a
second output terminal;

first and second connecting means respectively con-
necting the first input terminal and the second out-
put terminal to a connecting point, one of said first
and second connecting means being a first induc-
tor;

a second inductor connected to the connecting point
for connecting the connecting point to ground; and

a third inductor connecting the connecting point to
the antenna terminal.

2. The circuit according to claim 1, wherein the first
inductor, the second inductor and the third inductor
have inductances respectively given so that the circuit
has a return loss which is larger than 10 dB at each
frequency of the first frequency signal and the second

frequency signal.
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3. The circuit according to claim 2, wherein the cir-
cuit includes a dielectric plate, the first, second and
third inductors respectively comprising first, second,
and third strip lines formed on the dielectric plate.

4. The circuit according to claim 3, wherein the di-
electric plate has a plurality of throughholes, respective
ones of the throughholes receiving the first input termi-
nal, the first output terminal, the second input terminal,
the second output terminal and the antenna terminal,
the circuit further comprising a conductive layer cover-
ing the dielectric plate except for portions surrounding
the first strip line, the second strip line, the third strip
line and the throughholes, the second strip line being
connected to the conductive layer.

5. An isolating circuit for isolating a first frequency
signal in a first frequency range and a second frequency
signal in a second frequency range which is non-over-
lapping with the first frequency range, the isolating
circuit comprising:

an antenna terminal;

a first filter having a first input terminal for coupling
the first frequency signal thereto, and a first output
terminal;

a second filter having a second input terminal for
coupling the second frequency signal thereto, and a
second output terminal;

first and second connecting means respectively con-
necting the first input terminal and the second out-
put terminal to a connecting point, one of the first
and second connecting means being a first induc-
tor, the connecting point being connected to the
antenna terminal;

a second inductor connected to the connecting point
for connecting the connecting point to ground;

a capacitor in series with the first inductor between

 the connecting point and the one of the first input
terminal and the second output terminal; and

a dielectric plate, the first and second inductors and
the capacitor respectively comprising first and
second strip lines and a capacitance pattern which
are formed on the dielectric plate.

6. The circuit according to claim §, wherein the di-
electric plate has a plurality of throughholes, respective
ones of the throughholes receiving the first input termi-
nal, the first output terminal, the second input terminal,
the second output terminal and the antenna terminal,
the circuit further comprising a conductive layer cover-
ing the dielectric plate except for portions surrounding
the first strip line, the second strip line, the capacitance
pattern and the throughholes, the second strip line being
connected to the conductive pattern.

7. The circuit according to claim 5, wherein the first
inductor and the second inductor have inductance val-
ues and the capacitor has a capacitance value which are
respectively given so that the circuit has a return loss
which is larger than 10 dB at each frequency of the first
frequency signal and the second frequency signal.

8. An isolating circuit for isolating a first frequency
signal in a first frequency range and a second frequency
signal in a second frequency range which 1s non-over-
lapping with the first frequency range, the isolating
circult comprising:

an antenna terminal;

a first filter having a first coupling terminal for cou-
pling the first frequency signal thereto, and a first
output terminal;

a first capacitor coupling the first coupling terminal
t0 a connecting point;
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a second filter having a second coupling terminal for
coupling the second frequency signal thereto, and a
second output terminal; and

a second capacitor coupling the second coupling
terminal to the connecting point, the connecting
point being electrically connected to the antenna
terminal, the first and second capacitors having
respective capacitances which increase the return
loss of the circuit for signals in the first and second
frequency ranges, respectively;

wherein both of the first and second filters are dielec-
tric filters, each of said dielectric filters including a
block of dielectric material and an inner conduc-
tive layer disposed in the block so as to be sur-
rounded thereby;

the first and second coupling terminals each including
an insulating bushing having a recess therein, the
first coupling terminal, including the bushing
thereof, being disposed in the block of the first
filter so as to be surrounded by the block and the
inner conductive layer of the first filter, the second
coupling terminal, including the bushing thereof,
being disposed in the block of the second filter so as
to be surrounded by the block and the inner con-
ductive layer of the second filter, each of the first
and second coupling terminals having a conductive
part having at least first and second edge portions,
the first edge portion being inserted into the recess
of the respective bushing, each of the first and
second capacitors including
a solid insulator having a recess therein, and
the second edge portion of the conductive part of a

respective one of the first and second coupling
terminals, the second edge portion the respective
conductive part being inserted into the recess of
the solid insulator.

9. The circuit according to claim 8, wherein the first
and second capacitors have respective capacitances
selected so that an imaginary component of input admit-
tances of the circuit at respective central frequencies of
the first and second frequency ranges are zero.

10. A duplexer for transmitting a signal to and simul-
taneously recetving a signal from a common antenna,
the duplexer comprising:

a transmitter filter for transmitting a transmitter fre-

quency signal in a trasmitter frequency range, the
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transmitter filter having a transmitter filter input
terminal and a transmitter filter output terminal;

a receiver filter for receiving a receiver frequency
signal in a receiver frequency range, the receiver
filter having a receiver filter input terminal and a
receiver filter output terminal;

a dielectric plate having a specific inductive capacity,
the dielectric plate having an outer surface;

an antenna terminal;

a first conductive line coupling the transmitter filter
output terminal to a connecting point;

a second conductive line coupling the receiver filter
input terminal to the connecting point;

a third conductive line coupling the connecting point
to the antenna terminal;

" a fourth conductive line; and
a conductive layer covering the outer surface of the

dielectric plate except a portion thereof, the fourth
conductive line being formed on the portion of the
surface of the dielectric plate and having a first
inductance value, the fourth conductive line con-
necting the connecting point to the conductive
layer.

11. The duplexer according to claim 10, wherein the
first conductive line is formed on the portion of the
surface of the dielectric plate and has a second induc-
tance value.

12. The duplexer according to claim 11, wherein the
third conductive line is formed on the portion of the
surface of the dielectric plate and has a third inductance
value.

13. The duplexer according to claim 12, wherein the
first inductance value, the second inductance value and
the third inductance value are respectively given so that
the duplexer has a return loss which is larger than 10 dB
at each frequency of the first frequency signal and the
second frequency signal.

14. The duplexer according to claim 10, wherein the
second conductive line has a second inductance value
and a capacitance pattern having a capacitance value
and i1s formed on the portion of the surface of the dielec-
tric plate.

15. The duplexer according to claim 14, wherein the
inductance values of the second and fourth conductive
lines and the capacitance value of the capacitive pattern
are respectively given so that the duplexer has a return
loss which is larger than 10 dB at each frequency of the

first frequency signal and the second frequency signal.
x % * %
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